The light scattering function P( 8) of charged isolated threefold rotational isomeric state model polymers was simulated by Metropolis Monte Carlo in the Debye-Hiickel approximation. Number of chain units N (up to 250), and ratio (from 0.5 to 64) of Debye screening length K-I to bond length D were varied at a bond angle 0 of 90°; Os of 70° and 45° were also investigated. Charge was fixed by setting the "Manning parameter" to 1. Because the properties of linear polyelectrolytes have been interpreted in terms of electrostatic excluded volume and electrostatic persistence lengths, similar chains with hard sphere repulsion were simulated, up to N =400, as were nearly wormlike chains with no repulsion. Overall, a function suggested by Noda et al. described the P(8) of both hard sphere chains and electrostatic repulsion chains with K-II D of 0.5 moderately well. However, first order renormalization group (RG) calculations correctly predict an intersection between this P( 8) and that for Gaussian random coils, while the Noda et al. function does not. Requirements for experimental observation of excluded volume effects in polyelectrolytes are discussed. The P( 8) of chains with large K -liD was not fit well by that of nonexcluded volume wormlike chains with the persistence lengths predicted by theory, possibly because excluded volume effects were not small. Linear fits to a log-log plot of 11 P( 8) vs the square of the scattering vector times the radius of gyration gave the expected slopes, but not intercepts, as predicted by first order RG, probably because u was not large enough.
I. INTRODUCTION AND BACKGROUND
Many biologically important molecules are linear polyelectrolytes. Examples are nucleic acids, some proteins, and many polysaccharides. Linear polyelectrolytes have applications in the food, pharmaceutical, petroleum, and waste treatment industries. However, their structure and properties remain hard to predict, largely because of the long range of the Coulomb force. This is so even in dilute solutions, in which only one polyelectrolyte molecule need be considered at a time.
A. Goals
We simulate the P(8) of single, isolated electrically charged chains in the Debye-Riickel approximation, using a "generic" threefold rotational isomeric state model. By comparing the results with theoretical predictions, we hope to facilitate the comparison of theory to experiment. P( 8) contains the intramolecular interference effects in the "Rayleigh-Gans" or "Rayleigh-Debye,,1 approximation in which single scattering from polymer units is assumed, and where one averages over all possible orientations of the scattering molecule. It is normalized to be 1 at 8=0°. Except for this normalization it is the "structure factor." In what follows, we use P(8) interchangeably with P(u) , where U=.tl<S2). Here q is the magnitude of the scattering vector q=.kj-k i ; 41Tn q=ysin(8/2), (1) where A. is the wavelength of the light in air, and n the index of refraction of the solution in which the molecule is dissolved. S is the radius of gyration of the molecule, and the brackets denote a thermal average over all configurations; the probability of each configuration being proportional to the Boltzmann factor exp( -UlkBT) , where Uis the electrostatic energy of a particular polymer configuration.
We wish to test the basic ideas in the paper by Odijk and Houwaart 2 (OH). This approximate treatment of the shape of charged linear polyelectrolytes predicts relationships between the properties of charged linear polyelectrolytes and those of wormlike chains and of excluded volume random coils, for which testable theories exist.
We also hope to determine if and when excluded volume effects on the P( 8) of electrically charged chains in salt solution should be experimentally observable.
In order to make the comparisons suggested by OR we also simulated chains with hard sphere excluded volume and wormlike chains.
The present work is primarily concerned with scattering by visible light rather than by x rays or neutrons. Although fairly large values of simulated i (S2) (up to 2(0) are reported, so that observing them by light scattering would require molecules with extremely large molecular weights, the focus of attention is on the overall shape of the molecule rather than the small scale structure of its units.
For this reason our treatment of the units of the molecule as pointlike scatterers, and our adoption of the relatively crude and generic threefold rotational isomeric state model should be adequate.
B. Assumptions
In addition to the assumptions already mentioned, we assume the Debye-Hiickel model, and a single dielectric constant, that of water, is used to calculate the electrostatic energy of repulsion of all pairs of charges.
Specifically, we use for U in meter-kilogram-secondampere units,
where € is the dielectric constant of water, rij the distance between units i andj, and K-1 the Debye screening length. Our working hypothesis is that the approach of Odijk and Houwaart 2 is basically correct. It seems appropriate to outline their approach.
Odijk and Houwaart 2 approximately split the electrostatic effects on the shape of wormlike chains into long and short range parts. They treat the short range part in the Debye-Hiickel approximation using the earlier work of Odijk 3 and also of Skolnick and Fixman. 3 They essentially calculated the energy required to bend a straight uniformly charged rod of constant contour length L into an arc of a circle, to first order in p-2, where p is the radius of curvature. Landau and Lifshitz 4 showed that if an idealized polymer of constant length and no thickness has a bending energy per unit length of ap-2, it is a wormlike chain (Ref. If the polymer already has some intrinsic persistence length L o , they3 argue that it can be treated as having a total persistence length (5) Having approximately treated the short range part (among other things, electrostatic bending energy has terms in higher powers of p-2) OH attempt to use the excluded volume theory of random coils to handle the long range part. First, they consider a length 2LT along the chain to be one Kuhn segment; i.e., 2L T =L K , and consider the number of Kuhn segments N K to be LI2L T . In what follows, we use these relations as definitions of LK and N K' This is seen to be reasonable by comparing the mean square end to end length (R2) of a wormlike chain (Ref. 5, Sec. 9c) ,
to that for a Gaussian random coil; (R2) =N KL'i. For large LILT the wormlike chain is nearly a Gaussian random coil, and the above definitions of N K and LK give the right (R 2 In addition to modeling electrically charged chains, we model hard sphere chains and wormlike chains, because they are involved in the approach of OH, and their theoretical treatment, although perhaps nearing rigor, has not yet reached a compact final form (especially in the former case). However, these are not our primary interest.
c. Some theoretical predictions
For N identical isotropic scatterers, averaging over all orientations of the molecule yields
where N is the number of scattering units in the polymer, and rij is the distance between unit i and unitj. For Gaussian (non-excluded volume) random coils, with a large number of units N, Eq. (7) yields'l
For rigid rods, i.e., scatterers with many units, spaced equally along a line segment of length L, Eq. (7) yields
Equations (8) and (9) are useful limiting cases.
Predictions for excluded volume random coils as

N-00
Ohta, Oono, and Freed l2 found p-I(U) vs u by a renormalization group (RG) calculation to first order in E=. 4-d, (Fig. 2) , and then dips below it. RG can also predict the limit as N -> 00 of (R2) / (S2) for the excluded volume random coil problem. 12 -14 A calculation to first order in E gives 6.06 for d=3;12.13 a calculation to second order in E gives 6.257. 14 For large Nand u, 11 P( u) Ref. 17 discusses some of these issues.
Approximate forms for P(u) of excluded volume random coils
In the 1950s Weill, Benoit, Peterlin, and others 18 forcibly modified the Debye function by assuming that the mean square of the distance between any two chain units separated by s bonds was proportional to ;v but that the distribution of distances was still Gaussian. Specifically, they assumed
X1I2v
( 11 ) where N K is the number of Kuhn segments in the polymer, b is a (fixed) root mean square distance between adjacent segments, v is the same parameter as in Eq. (10) 
Equation (11) is conceptually flawed, because, even for large excluded volume, the mean square distance between "nearby" two chain units should remain proportional to s if s is small. One attempt 19 to correct Eq. (11) involved interpolating between it and Eq. (8), i.e., assuming that, as s increases, the mean square distance between units crosses over from Gaussian to excluded volume random coil statistics. Noda et af.20 fitted an interpolation function to data for polystyrene in toluene, a good solvent for it. It is 
Expectations from Odijk and Houwaart paper a. Prediction (i).
From the OH approach one expects that, at constant K-1 , S, D, and e, as N -> 00, the polyelectrolyte should approach an excluded volume random coil. Although some polymer theorists may find this prediction unobjectionable or even obvious, it has been questioned. 24 If it is true, the polyelectrolyte's 11 P( u) vs u curve should approach that characteristic of excluded volume random coils as N -. 00 • b. Prediction (ii) From OH, one also expects that under conditions of low excluded volume, the light scattering of electrically charged chains should resemble that of (nonexcluded volume) wormlike chains, whose persistence length is predicted by Eq. (3).
D. Monte Carlo investigations
There are now quite a few papers on Monte Carlo simulation of polyelectrolytes, e.g., Refs. 6-8 and 25-28, and references therein.
Since the early 1960s there have been numerous Monte Carlo simulations of light scattering by wormlike chains, and similar polymer models, mostly directed toward interpreting x-ray scattering from stiff macromolecules. See, e.g., Refs. 29 and 30.
Bishop and Saltiel 31 estimated the first three nontrivial moments of the structure function of excluded volume random coils by Monte Carlo simulation of random walks on simple cubic lattices.
However we are not aware of any Monte Carlo simulations of light scattering by linear polyelectrolytes.
E. Plan of attack
Results for the light scattering will generally be displayed as l/P(u) vs u. The dimensionless variable u is important in several of the theoretical expressions for P( u ). Furthermore, the resulting axes are similar to those used in Zimm 32 plots.
Unless otherwise specified, the Manning parameter, i.e., the charge density in elementary charges per Bjerrum length along the chain, will be set to I, the critical value at which "Manning condensation,,33 occurs.
Operationally, we do this as follows. A Metropolis Monte Carlo program is used for the simulations. The molecules are based on the threefold rotational isomeric state model. 34 We estimate the contour length of the polymer to be Lr;eD(N -1 )cos(e/2), (14) where e is the bond angle, N is the number of units, and D is the bond length. If N is odd, this is the maximum end to end length. We consider the charge density per Bjerrum length g, to be (15) where q is the number of elementary charges born by the polymer units.
We will usually use a bond angle of 90° to get large excluded volume effects. This also reduces complications due to the intrinsic stiffness of the threefold rotational isomeric state model. Specifically, we consider the intrinsic persistence length Lo of a threefold rotational isomeric state model chain with a bond angle of e to be 1 I+cose LO=2 cos e/2l-cos eD.
(16)
This is because for a wormlike chain with large L/L T , the first term of Eq. (6) gives (R2) with good accuracy. Consider an uncharged wormlike chain. It should have Le=O so that, by Eq. (5), LT=Lo. Using Eqs. (14) and ( (17) However, Eq. (17) is also the (R2) of a threefold rotational isomeric state model chain with bond angle e,5,34 if N is large. So definitions (14) and (16) give the correct (R2) for long chains.
As suggested by the hypothesis that OH is basically correct, we wish to test predictions (i) and (ii) above by comparing our simulated light scattering results to excluded volume random coils (for modest K-1/D and large N) and to wormlike chains (for significant K-1/D and low estimated excluded volume parameter z; meaning for fairly stiff chains). This is done in a circuitous fashion.
The problem of calculating the P( u) of wormlike chains has been almost completely solved (Refs. 35 and 36 and Appendix A of Ref. 37). Unfortunately, the answers are given as complicated series, which do not converge in the rodlike limit for large u. The light scattering of excluded volume random coils has been calculated to first order in € by RG,12,38 but, as far as we know, remains a problem. So the P(u)s to which we wish to compare the simulated charged chains are not directly available.
The approach will be to simulate excluded volume coils and wormlike chains, to search the literature for approximate expressions for P( u) that work adequately well in the desired limits, and to compare the electrostatic results to these approximate theoretical expressions.
We will attempt to test Eq. (to) by plotting In[ P-I (u)] vs In (u) over a carefully chosen range of u and fitting the result to a straight line. The slope found by this procedure is an estimate of 1/2v and the y-axis intercept is an estimate of In ( 1/ K co'),
II. METHODS
The Metropolis Monte Carlo program which we use was described previously and general references were given; the threefold rotational isomeric state model 34 used for the polymers was also described.6-8 In contrast to Ref. 7, chains were either fully or not at all charged.
One modification is made to simulate wormlike chains (without any electrostatic energy or excluded volume). The Metropolis Monte Carlo method takes on the order of N 2 reptation attempts to generate a new sample. 39 However, in this case, it is acceptable to simply turn off the Metropolis part of the Monte Carlo, add all the new chain units to one end, and generate a new sample after N reptations, i.e., after a completely new chain has been generated. This allows the simulation of much longer wormlike chains. This method is acceptable only because the probability that a particular bond is in a given rotameric state is independent of what states the other bonds are in; the method would be highly erroneous if applied when the units carried electric charge or had a nonzero hard sphere radius.
The calculation of P( u) is an addition to the program. "Stroboscopic,,25 sampling is used, i.e. P( u) is calculated only once in N 2 /2 reptation steps (for Metropolis Monte Carlo), or every N steps for wormlike chains with no excluded volume.
To calculate (P( u) ), the rotationally averaged P( u) (a.k.a. structure function) is first calculated for each stroboscopic Monte Carlo sample according to Eq. (7). Equation (7) is calculated at a specified set of q values for each Monte Carlo sample. These separate P(u)s are then added together and accumulate as the run goes on; afterward one divides by the number of samples. The sum of r( u) is also collected so that the statistical error can be estimated by the method of Smith and Wells. 40 The computer used was an IBM 3081KX. Five hundred samples were collected for each Monte Carlo run. D was 6 A, appropriate to some polysaccharides. 41 When a hard sphere repulsion was used, hard sphere radius was 2 A. Hard sphere and electrostatic repulsion were not used simultaneously. 
III. RESULTS
For hard sphere chains Eq. (13) with v=0.6 and Z =0.05 worked fairly well; Eq. (11) with large N K and v=0.6 did not. (Fig. 1 ) However, Eq. (13) does not predict the intersection between the Debye function and the excluded volume random coil lIP(u). Equations (3.18)-(3.22) of Oono, Ohta, and Freed 12 do predict this intersection, but put it at u~55; it occurs at u~25 (Fig. 2) . The intersection at u ~ 25 seems to agree with experimental data of Noda et al. as Fig. 3 appear to interpolate between this and rodlike. A similar set of runs with N=200 (not shown) showed the same trends as Fig. 3 .
Quantities related to the curves in Fig. 3 , including the "electrostatic excluded volume" estimated according to the predictions of the Appendix, are tabulated in Table 1 .
In order to test prediction (ii) of OH we simulated wormlike chains (without excluded volume), and compared the resulting P(u)s to the approximations of Koyama 37 and of Sharp and Bloomfield 22 (Fig. 4) . The wormlike chains were simulated by setting bond angle e so that L/2Lo as given by Eqs. (14) and (16) (N p =20) .
In the present notation, the approximation of Sharp and Bloomfield 22 is Koyama's approximation is also correct for very large N K' but departs from that limit much too quickly as N K is reduced. (Fig. 4) .
Although the 1/ P( u) of the charged chains resembles that of wormlike chains it does not resemble that of worm- shown as solid lines. These are the four lowest lying Monte Carlo curves of Fig. 3 . The II P( u) vs u curves calculated for wormlike chains according to the approximation of Koyama using the estimated electrostatic persistence lengths for these chains (see Table I ) are shown as dotted lines.
like chains with the persistence lengths predicted by Eqs. (3)- (5) and shown in (7) implies that for a molec~le with N identical point scatterers, lim q _ 00 P-1 (8) = N. Fmally, when comparing trends in the resulting fits, the same range of u should be used in each fit.
The range of u used was from 20 to 150. At u = 150, the maximum value of qD was 1.18 for the simulated polymers with K-1 =0.5 and N=250. The lower limit is slightly below the u at which the P-1 (u) curve for the excluded volume random coils crosses that for the Debye function Eq. (8) (see Fig. 2 ). The results of fitting to the charged chains of Fig. 3 Fig. 6(b) is real. We did simulations at a bond angle of 70° which either had hard sphere repulsion or were charged with K-1 / D =0.5 (Fig. 7) . Both P-1{u) vs u curves resemble the predictions of Eq. (13) with v=0.6 and Z=0.05.
IV. DISCUSSION
Plotting 1/ P vs u can exaggerate the resemblance between polymers. For example, in Fig. 3 , the bottom (K-1 / D = 64) curve is almost identical to that for a rigid rod, although its root mean square end to end length is only
..., ..., 
A. Testing asymptotic behavior
To investigate why the predicted values of v agreed better with those found by a linear fit to In [1/P(u) ] vs In ( u) than did those for K 00' we treated the predictions of Eq. (8), Eq. (9), and Eq. (11) were 1.82, 0.842, and 1.474; compared with the expected values of 2, 0.907, and 1.515, they are up to 9% off. The values of u used in the fitting were probably not large enough to achieve asymptotic behavior for Koo' A particular problem with fitting to Eq. (10) is that for u=O, 1/P(u) = 1, i.e., Eq. (10) is wildly wrong for small u. If one could simulate much longer chains, then one could go up to to much larger u while not using too large a qD, allowing one to get closer to the range in which Eq. (10) is asymptotically correct, alleviating this problem.
B. Testing electrostatic persistence length
Despite the efforts of Yamakawa and Stockmayer,43 and the more ad hoc efforts of Koyama 37 and others, we do not know of a really trustworthy theory for wormlike chains with excluded volume. This makes it difficult to test OH quantitatively in the general case.
However, whatever the status of the OH theory, Eqs. (3 )- ( 5) without excluded volume are not adequate for fairly stiff chains over the range of parameters in Fig. 5 . If one believes OH, this is an excluded volume effect. Lacking an excluded volume theory of wormlike chains, one approach to testing prediction (ii) of OH would be to simulate very long chains, for which, according to OH, the predicted z will be less for a given N K' However, the chain lengths required are beyond our current capabilities. One might also use a Kratky plot, at very high (in terms of the present study) values of u so as to extract the persistence length in a manner similar to that used for small angle x-ray scattering,29,30 or try to extract persistence length directly by averaging the cosines of the angles between the bonds of the model polymer. 25
If OH is indeed basically correct, and Eq. (13) with v=0.6 and Z=0.05 describes the P(u) of excluded volume random coils, we can now discuss how to observe electrostatic excluded volume effects on polyelectrolytes using light scattering. First, the total number of persistence lengths must be quite large. In Fig. 4 with N K= 100, the 1/ P( e) curve is already most of the way from the Debye function Eq. (10) to the predictions of Noda et a/., Eq. (13) for O,;;;u,;;;l00. Equation (18) predicts that in this regime, the deviation from the 1/ P of a Gaussian random coil is proportional to 1/ N K-So, for a meaningful test, N K should be several hundred. Second, the radius of gyration of the chains should be large enough that u)25 for most of the angular range of 30 0 to 150 0 (on many instruments), so that the PC u) vs u curve can be distinguished from that of the nonexcluded volume chains, which for large enough N K would resemble a Debye function. Third, the excluded volume effect, which one can only crudely estimate using a long string of ad hoc assumptions, as in Refs. 6-8, should be large. Finally, the polydispersity of the polymer, as discussed below, should not be too large.
c. Extracting power laws from light-scattering data
We now consider in more detail how one might extract 1/2v from light-scattering data. Reference is made to two unsuccessful attempts to find 1/2v different from 1 for variably ionized polyacryJic acid 44 and for bacterial hyaluronate. 45 The attempt to observe an excluded volume effect on the 1/ P( u) vs u curves was, however, only a minor part of Refs. 44 
where c, M, and A2 are the concentration, molecular weight, and second virial coefficient of the polymer. The constant K depends on the particular combination of polymer and solvent, and Q is a complicated function which approaches 1 as e goes to 0, and is frequently assumed to be 
where w(M)dM is the weight fraction of the polymer having molecular weight between M and M +dM. An alternate approach, used in Refs. 44 and 45, is to assume that (20) where A. B, and C are fitting constants. Then one fixes C and determines A and B by a linear fit of 1/P vs u C • The C whose linear fit gives the smallest mean square error is an estimate of 1/2v. This estimate is unchanged if one multiplies 1/ P( u) by a constant and adds another constant. If Eq. (19a) with Q~ 1 holds, one can thus fit to Ke/I data to estimate 1/2v without knowing A 2 , M, or (S2). However, it is desirable to know (S2) to determine the range of u.
Figure 8(a) shows the result of performing this fit on four theoretical curves. The first is Eq. (11), assuming v=0.6, large N K, and no polydispersity in the polymer masses. The second assumes Eq. (13) to hold, with v=O.6 and Z=0.05, and that there is no polydispersity. The third and fourth curves assume Eq. (13) again, with the same parameters, but with a log-normal 48 polydispersity with a ratio Mw/Mn of the weight averaged and number averaged molecular weights of 1.2, and 2, respectively. This was done by integrating according to the first term on the right-hand side ofEq. (19b), and dividing the result by the estimated Mw. It was assumed that (S2) was proportional to M 2 .,.
All the functions shown in Fig. 8(a) give C= 1/2v (=0.83 if C=0.6) if u-. 00. For finite u, the curves based (13) 8(b) shows the 1/P(u) vs u curves from Fig.  8(a) based on Eq. (13), with Mw/Mn= I and 2, and data for partially ionized polyacrylic acid in 1 mM salt solution, from Fig. 1 The theoretical curves were linearly transformed to superimpose them upon the data. Although this procedure is much less than a full error analysis, it shows that even the Mw/Mn=2 curve would look approximately straight in Fig. 8(b) , given the scatter shown in the experimental data. The attempt of Reed et al. 44 to extract 1/2v from the Ke/ I data probably failed in large part because (S2) and the resulting values of u were not big enough to give a strong enough curvature to the Ke/I vs sin2(e/2) data to find 1/2v.
A similar attempt to extract 1/2v from Ke/I data for bacterial hyaluronate is shown in Fig. 8 (c) . The data is taken from the curve in Fig. 1 Fig. 8 (b) . Because the largest u is less than 15, and because of the amount of the experimental scatter, it is clearly impossible to estimate 1/2v from this data.
However, the data shown in Figs. 8(b) and 8(c) are at least consistent with Eq. (13) with v=0.6 and Z =0.05.
Kitano et al. 21 report fitting 1/P(q) vs C; data for partially ionized polyacrylic acid to Eq. (11). Their maximum u is <28.5; nevertheless their data show strong curvature, especially at low sin 2 (e/2). We are not sure how to explain this. Their angular range of 15° to 150° was wider than ours of 30° to 150°, which may have been an advantage. However, Fig. 8(b) shows that large polydispersities can produce spurious curvature at lowe in this range of u. Kitano et al. claim that their polydispersity was low, but their arguments are qualitative.
How seriously did the presumably false assumption that the P(u) of the polymers was given by Eq. (8) [
The variation in L'rwith v for a roughly determined L provides an estimate of the magnitude of the error in determining (S2) if the mass M is known.
We used the theoretical curves shown in Figs. 8(b) and 8(c) as surrogates for the data to which they are matched. These curves were fitted over the same range in u as the data, using to Eq. Fig. 8(c) , we obtained L'r = 315 A, and 311 A with C= 1, and C=the best-fit value of 1.006, respectively' the discrepancy in (S2) 112 for fixed M between these ca~es was less than 1 %.
These estimated error ranges suggest that using the Debye function in excluded volume situations as in Eq. (22a) may yield a moderately accurate value of (S2), for a given M, compared to the factor of 10 change in going from high to low salt concentration. 44 ,45 This analysis depends on several shaky assumptions, and is probably logically inconsistent. Its value is as a means for estimating the magnitude of the errors that one makes in analyzing Kcf! vs sin 2 (e/2) data on the basis of an incorrect assumption about the functional form of 1/ P(u).
D. Future directions
We have mentioned several comparisons to theory that would be easier if longer chains could be simulated. Weare moving to a faster computer and testing what we believe to be a more efficient algorithm, which is similar to Metropolis Monte Carlo with reptation, but includes a fictitious momentum. Preliminary results for 8=45° (not shown) suggest that Eq. (13) of Noda et al. with v=0.6 and Z =0.05 may slightly underestimate 1/P for large N.
v. SUMMARY AND CONCLUSIONS
Not to put too fine a point on it, the simple prediction of Eq. (11) for large N K is wrong.
Despite its lack of theoretical justification, the Noda 2o interpolation formula with Z=0.05, and v=0.6, worked moderately well, both for hard sphere chains and chains with K-I /D=0.5, although it would be more correct to use v=0.588. However, it does not predict that lIP(u) initially exceeds the lIP(u) of the Debye function and then intersects it.
Although the renormalization group calculation to first order in e l2 is not good enough for the lIP(u) curve, it correctly predicts this intersection between the excluded and nonexcluded volume curves, but puts it at ua.;55, rather than u e: 25.
The second order RG calculation 14 is still not quite good enough for the limit N ..... 00 of (R2)/(S2), which is 6.40 ± 0.04, raising questions as to how good it would be for P (u) . (Presumably, it would be an improvement.)
Given experimental error of a few percent, it can be difficult to distinguish even quite different liP vs u curves over a limited range in u, especially at low u. For example, over the range O,u< 100, a wormlike chain with Np= 100 lies very close to the excluded volume results, and to the results ofEq. (13) Between 30· and ISO·, a typical usable region with static light scattering from aqueous solutions, u changes by a factor of about 13.9. If S is large enough that the important part of the scattering function falls within this range, this should be enough to distinguish different curves, given high quality data. The OH approach may be tenable. That is not conclusively established by the present work. However, prediction (i) of OH appears to be confirmed.
Most of the tests of theory reported here would be more incisive if it were feasible to simulate longer chains.
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APPENDIX
For completeness we give the equations we use to make a rough estimate of the electrostatic excluded volume z. We use the standard formula (Ref. 5, Eq. 13.32) (AI)
The method of estimating nK and LK is given in the body of the paper. The quantity (3 is an estimateS of the (electrostatic) excluded volume between two Kuhn segments. Odijk 
